Abstract. We have analyzed International Gamma-Ray Astrophysics Laboratory The analysis of the power spectrum provides a hint of a power peak located around 4×10 −5 Hz. Although the signal is weak (at 2 σ level) and suffers from the uncertainties residing in the data, it is consistent with the previous analyses.
INTRODUCTION
Outbursts of HMXB V0332+53 were observed four times in the hard X-rays since its discovery. With these detections, V0332+53 was identified as a high mass X-ray binary system, consisting of an early-type star BQ Cam (Honeycutt and Schlegel 1985) and a neutron star. The distance to the source was estimated to be 2.2-5.8 kpc (Corbet et al. 1986) . A cyclotron absorption component at 28.5 keV suggested that the magnetic field could be as high as 2.5×10
12 G on the surface of the neutron star (Makishima et al. 1990 ).
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The most recent outburst was detected by the All-Sky Monitor (ASM) of the Rossi X-ray Timing Explorer (RXTE) in November 2004 and Target of Opportunity (ToO) observations were carried out by INTEGRAL at hard X-rays as well. Apart from the feature of 0.05 Hz quasi-periodic oscillation (QPO) reported in Takeshima et al. (1994) , an additional QPO feature was discovered from the Proportional Counter Array (PCA) data of RXTE to ride on the spin frequency . The orbital parameters were updated and refined by Zhang et al. (2005) . Multiple cyclotron lines of ∼ 25 keV, 50 keV and 72 keV were found in RXTE (Pottschmidt et al. 2005) and INTEGRAL , respectively, by using the observational data when the source was around its flux maximum during the outburst. We report in this letter the likely discovery of a new quasi periodic signal with an ultra low frequency, by using the INTEGRAL data when the outburst was decaying.
OBSERVATIONS AND DATA ANALYSIS
INTEGRAL is a 15 keV -10 MeV γ-ray mission supplemented by the Joint European The time variability of the source intensity are investigated as well using JEMX data.
RESULTS

Time variability: imaging analysis
No trend of a quasi periodic burst is visible in the source intensity on time scale around 10 4 seconds. As an example, Fig. 4 shows the light curves for rev. 284 in two energy bands: 5-10 keV and 10-20 keV. The large error bars in the source intensity may be responsible for missing the features in the intensity evolution, which appear more clearly in ISGRI/IBIS data.
Time variability: spectral fitting
As shown in the imaging analysis, the likely QPO signal with a period around 20-25 ks is present only in ISGRI data of the energy band 20-40 keV, but not at the neighboring ones. To investigate further the possible periodic signal via spectral analysis, data of both JEMX and ISGRI/IBIS are combined for each SCW and a spectral fitting is then performed. In such a way, information from hard X-ray observations of different instruments are used to diagnose the reality of the QPO signal in a much wider energy range, against the chopped-up energy bands adopted in imaging analysis, which may be affected by the uncertainties of the data sampling and the noise. The energies are taken as 5-20 keV for JEMX and 20-100 keV for ISGRI/IBIS. A systematic error of 2 percent is added to account for the uncertainty in response of both instruments . Also similarly to Kreykenbohm et al. (2005) , we try to fit the data with model cutoffpl, available in xspec, plus two cyclotron absorption lines of the form,
where τ is
with τ c being the optical depth, E c being the line energy and σ c being the line width.
A constant is added into the model to account for the different normalization of JEMX and ISGRI/IBIS.
As already reported in Kreykenbohm et al. (2005) and Mowlavi et al. (2005) , the second cyclotron line is roughly located at 51 keV. Since the statistics of individual SCW does not allow to precisely infer the second absorption line in the spectrum, we fix the line center with the quoted value of 51 keV (Mowlavi et al. 2005) , whereas for the remaining parameters, we average over the values reported by Kreykenbohm et al. 
Time variability: power spectra
Based on the light curves binned in slots of 300 seconds, the power spectra are generated and averaged over every 256 bins, for a total time duration of roughly 77 ks. The power spectrum obtained from the combination of the two longest revolutions rev. 278-284, with the observational time summing up to 221 ks, is shown in Fig. 6 in the energy band 20-40 keV. No average trend in the light curve for rev. 278-284 has been subtracted off.
Although not quite significant, a power peak located at frequency around 4×10 −5 Hz is visible in the power spectrum. A fit to the spectrum given by a constant plus a power law shape has a reduced χ 2 of ∼1.70. A broad region located at frequencies 2-10×10 −5
Hz of the power spectrum lies above the fit model, which suggests the power law shape is not a good fit. To improve the fit, an additional component of a Lorentz profile is added into the model, with which the reduced χ 2 goes down to ∼1.5. The best fit shows the Lorentz profile with a center at 3.9 e.g. with the same data as adopted in this paper but on a rather short time scale, showed the 0.22 Hz QPO strongly presenting in the contemporary RXTE observations ) only marginally visible, which, nevertheless, yields the first report of a QPO signal caught by INTEGRAL. They argued that the non-Poissonian noise may have influence in power spectrum at lower frequencies and the white noise would have been subtracted off in case that its distribution is clearly known. The case is quite similar here: as shown in Fig.6 , where the white noise is not subtracted off from the power spectrum either. The power spectrum in Fig. 6 can not be represented by a simple power law shape, showing as well the limitation of our knowledge of a putative colored noise of the INTEGRAL observational data. These uncertainties cause that an already faint signal be even harder to evaluate. An additional uncertainty cames from the gaps in the data: there are short gaps of the slews following each SCW and a long gap of ∼ 16 days between revolutions 278 -284. To investigate the influence of these gaps upon the power spectrum, we produce the time series with pure white noise, e.g. the count rates at each time bin are replaced by pure Poisson sampling of an constant, with the time distribution of the new series remaining unchanged from that of the real data. The generated the power spectrum is of a flat distribution without any spike-like feature in any frequency. Therefore, we tend to believe that the existing gaps might have no severe influence on the detected bump feature in the power spectrum (Fig.6 ). In summary, the power spectrum analysis is insufficient in itself for independently claiming a detection of a quasi periodic signal, especially when considering the possible influence from the uncertainties in the data.
Instead, we argue that it might just provides a hint showing only the consistency with the periodic signal standing out in the light curves themselves, obtained previously both from imaging and spectral analysis, for which the results are free from the problems of the uncertainties in the data sampling.
DISCUSSIONS and SUMMARY
We argue that this analysis has uncovered a likely periodic signal during the decay of the outburst of HMXB V0332+53, having an ultra low frequency of 4-5 ×10 −5 Hz.
The signal is present in the light curves produced at different level of the pipeline and later, although weaker and suffering from some uncertainties, appears consistently in the power spectrum. If confirmed, this frequency is by far the lowest one for those quasi periodic signals reported in the literature for X-ray binary systems, and thus calls for further observations of this object.
While not yet clear whether it is indeed a QPO signal, mostly due to the relatively short time duration of data currently available, a QPO assumption would lead to a rather far accretion disk moving around the neutron star. With a typical neutron star mass of 1.4 M ⊙ , and the Kelplerian frequency equal to the ∼ 5 ×10 −5 Hz signal, the radius of the rotating disk should be about 1.27 × 10 6 km, or roughly 4 light seconds. This size would be quite large for a binary system with a periastron longitude of 86 light seconds . Inhomogeneities of the rotating disk can in principle cause the low frequency signal through shielding more effectively the X-ray photons at lower energies. An alternative choice for explaining the low-frequency QPO, if confirmed, would be the introduction of an additional object moving around the neutron star. Additional support for such scenario may come from Zhang et al. (2005) . They refined the orbital parameters of V0332+53, and found that the projected semimajor axis and the periastron longitude differ from those reported in Stella et al. (1985) , indicating an angular speed of ≥ 1.5 deg ±0.8 yr −1 for the orbit over the past 21 years. This value can not be accounted for from general-relativity corrections.
They argued that since roughly 20 percent of all binary systems are members of triple 
